The present study focuses on the evaluation of high calcium fly ash (HCFA), an inorganic waste material produced by electric power plants in large quantities. Properties of HCFA, such as mineralogical and chemical composition, fine particle size, porosity, floating ability and hydrophobicity makes its application in oil spill clean-up attractive. Its sorption capacity depends on its composition and the oil type. Its floating ability has a better result in thin oil spill layers, specifically its coarse fraction, which seems to outmatch due to its higher Si content. Hydrothermal treatment with NaOH solution, with or without a template (tetrapropylammonium bromide), despite the increase in porosity and the decrease in specific gravity, has rather reduced the hydrophobic character and therefore its affinity for oil. The change in Si/Al content by the addition of SiO 2 has proved to ameliorate its sorption capacity, but not its floating ability. The application of a HCFA-oil mixture as road construction material seems to be encouraging. It contributes to the elimination of dust production during the paving of a road with gravel, and ameliorates the soil strength, which encourages its application in soil stabilisation.
great interest, as it offers the possibility of collection and complete removal of oil, by achieving a change from liquid to semi-solid phase [1] .
The efficiency of an oil sorbent material is determined by properties such as hydrophobicity, oleophilicity, high uptake capacity, high rate of uptake, retention over time, oil recovery, reusability and biodegradability [4] . The sorbent materials used for oil spill clean-up can be classified as synthetic organic, natural organic and inorganic mineral products. As inorganic oil sorbents, CF 3 -modified silica aerogels [17] , pure-or high-silica synthetic zeolites and geopolymers, organophilic clays [1] , exfoliated graphite [21] , expanded perlite [18] and activated carbon [1] have been examined.
The use of inorganic mineral products as sorbents of oil, or in general organic compounds, presupposes in most cases their chemical or surface modification, in order to improve their hydrophobicity and therefore their affinity for organic compounds. For example, CF 3 -(CH) 2 -modified silica aerogels have an excellent oil sorption capacity [17] . Quartenary ammonium cations ameliorate the affinity of clays for organic compounds, such as phenols [10] and pesticides [19] . For the improvement of the hydrophobic character of zeolites several techniques have been developed, such as the production of pure-or high-silica zeolites, by using a highsilica source and an organic template, in most cases quartenary ammonium salts [2, 7, 8] , or the dealumination [15] . The use of hydrophobic zeolites has been successfully investigated for the sorption of volatile organic compounds [13] .
The present study aims at the evaluation of high calcium fly ash by application as an inorganic oil sorbent material. HCFA is a by-product of combustion of lignite in electric power plants, produced in huge quantities. Approximately 500 million tones of coal fly ash are annually produced worldwide and 12 million tones of lignite fly ash respectively in Greece [5, 11] . In order to eliminate the amount of fly ash landfilled, research is focusing on the development of new environmental applications, such as waste stabilisation and solidification, water environmental improvement [20] and zeolite synthesis [16] . Particularly in Greece only 20% of lignite fly ash is used in construction applications, the other being landfilled. However, lignite fly ash is characterised by fine particle size, floating ability, hydrophobicity and porosity, properties, which can be proved useful for its application as an oil sorbent material. The oil sorption behaviour of HCFA is investigated, taking into account its chemical and mineralogical composition, its particle size, the oil type and the oil spill layer. The effect of its hydrothermal treatment with NaOH aqueous solution, with or without a template (tetrapropylammonium bromide), with or without modification of the Si/Al ratio, on its oil sorption capacity and its affinity for oil is also examined. Furthermore the application of the HCFA-oil mixture as a road construction material is investigated.
Megalopolis area respectively), differing in chemical and mineralogical composition, as it is shown in table 1. For the characterisation of fly ashes measurements of pH (ISO 6588), chlorides content , specific gravity (ASTM C642-90), particle size distribution (DIN 4188) and specific surface area have been performed. Furthermore, X-Ray Diffraction Analysis (Siemens D-500), Thermogravimetric Analysis (Mettler TGA/STDA 851 C ) and Scanning Electron Microscopy (SEM) defined the structure of the ashes. 
Oil sorption behaviour of non-modified and modified HCFA
For the evaluation of the oil sorption behaviour of the HCFA, oil spill has been simulated by using artificial ocean-water, prepared according to ASTM D1141-90, and three different types of oil, heating oil (HO), light cycle oil (LCO), Iranian light crude oil (ILCO), have been used, in order to simulate all cases of transportations. Their physicochemical characteristics are shown in table 2 . Amounts of oil, 20, 10, 4mL, were added to 150mL of artificial ocean-water, in order to investigate the effect of the oil spill layer on the floating ability of HFCA. In order to investigate the effect of the particle size of fly ashes on the floating ability and the oil sorption capacity, two fractions (particle size <56µm and >56µm) were also examined.
For the hydrothermal treatment of the samples, the effect of NaOH solution, of tetrapropylammonium bromide (TPA) as an organic template, of temperature, pressure, time, Si/Al ratio was the main goal under investigation. In table 3 the conditions of the hydrothermal treatment are presented. Previous experiments of our laboratory defined the first ratio [14] , while the others have been based on data [3, 7, 8] . Increase of Si/Al ratio was achieved by adding sand to the samples. The hydrothermal treatment at 90 o C took place in atmospheric pressure and that of 150 o C in an autoclave. The products of hydrothermal treatment were collected by filtration, washed with deionised water and dried at 90 o C for 1 day. Their mineralogical composition was defined by X-Ray Diffraction Analysis and their porosity and specific surface area were measured by N 2 -adsorption (NOVA-2200 Ver. 6.11).
For the evaluation of the oil sorption behaviour, 2mL of oil were added to 150mL of artificial ocean-water and mixed with 1g of sample. These amounts have been selected, because the floating ability of the samples has been proved better at such a thin oil spill layer. The floating mixture was collected after 4 days, in order to achieve a more cohesive semi-solid phase, and the precipitated material was determined.
Application of the oil-HCFA mixture as a road construction material
Oil-HCFA mixture has been mixed with road gravel 3A in different ratios, in order to investigate elimination of dust production during mixing and road paving with gravel. Ratios 2.5, 5.0% w/w of oil-HCFA mixture and gravel were prepared and the dust production was determined by weighting a paper film, adapted to the mixing ball, before and after mixing. For the road paving process the oil-HCFA mixture was added to gravel in ratios 3.3, 5.0% w/w and the dust production was determined by weighting a sack, in which the simulation of the road paving process took place, before and after the process.
The application of oil-HCFA mixture in soil stabilisation was also investigated. The soil was a clayey one and its particle size was determined according to AASHTO T 11-77-I, the liquid limit (LL) according to AASHTO T 89-76I, the plastic limit (PL) and the plasticity index (PI) according to AASHTO T 90-70, the moisture content (w) according to AASHTO T 239-76I (ASTM D 3017-72), the optimum moisture content (w opt ) and the maximum density (γ d, max ) according to AASHTO T 99-74 and the results are shown in table 4. 3% w/w of oil-HCFA mixture was added to the soil and compacted to cylindrical specimens of 5cm diameter and of 10cm height and were allowed to cure at 100% relative humidity for 7, 60 and 90 days. Their compressive strength, their liquid and plastic limit and their plasticity index were determined. 
Results and discussion

Oil sorption behaviour of HCFA
The oil sorption behaviour of HCFA has been proved encouraging. Concerning the effect of the composition of HCFA on its oil sorption behaviour, the more calcareous fly ash, AD, seems to behave better: it is retained in the oil-water interface to a greater extent and has a higher oil sorption capacity. This is due to the CaO and Al 2 O 3 content, which leads to early settling time of the material and the adsorbed oil is retained on the surface. Concerning the effect of oil spill layer, HCFA seems to behave better in thin oil spill layers, a factor which makes it an attractive sorbent material, as the mechanical removal is impossible in thin oil spill layers. The percent of precipitation in relation to the oil spill layer is shown in fig. 1 . Further experiments have shown that HCFA behaves even better in even thinner oil spill layers. By adding 1g HCFA AD to a 0.5mm oil spill layer (2mL oil), only HCFA granules precipitated, without sweeping down oil, as it occurs in case of wider oil spill layers, and after 4 days a semi-solid oil-HCFA phase was achieved, which allowed quite total oil removal. For this reason this ratio has been applied, in order to investigate the oil sorption behaviour of modified HCFA.
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Concerning the effect of oil type, no certain conclusions can be drawn. A semi-solid phase, when achieved, is easier to form in case of HO and ILCO, whereas in case of LCO the oil-HCFA mixture tends to precipitate.
Oil sorption behaviour of modified HCFA
The products of the hydrothermal treatment of HCFA have lower specific gravity and higher mean pore diameter, pore volume and specific area. The lowest specific gravity (27% decrease in case of AD, 12% in case of M) is achieved in case of treatment only with NaOH and in case of increasing the Si/Al content. The highest values of mean pore diameter, pore volume and specific area are achieved in case of increasing the Si/Al content. The achieved mean pore diameter is 1.5 to 3.5 times higher than the initial and the pore volume 15 to 30 times higher in case of M and AD respectively, and the specific area 10 to 15 times higher in case of AD and M respectively.
According to XRD-patterns the hydrothermal treatment of HCFA without changing the Si/Al content results in case of AD in decrease in lime (CaO), increase in calcite (CaCO 3 ), production of hibschite (Ca 3 Al 2 (SiO 4 ) 1.25 (OH) 7 ) in presence of NaOH, and after 14 days at 90 o C and at 150 o C in production of zeolite ZSM-11 (H-Al 2 O 3 ·SiO 2 ). In case of M it results in production of zeolite (P1) Na (Na 6 Due to the increase in the porosity achieved by the hydrothermal treatment, the product would be expected to behave better, when added to an oil spill. However, in case of maintaining the initial Si/Al content, the hydrophilic character of the produced zeolitic phases seems to impose. The modified products precipitate in all oil types to a greater extent than the initial HCFA. The modified products precipitate in form of granules and cannot be retained in the oil-water interface, as it occurs with the initial HCFA, which indicates a weak interaction with oil. The poor performance could also be attributed to the size of pores produced by the hydrothermal treatment, which are in the order of micropores, i.e. smaller than the oil molecules. In case of increasing the Si/Al content, an amelioration of the oil sorption behaviour is observed in case of ILCO, in ratio SiO 2 /Al 2 O 3 =40 for AD and in ratio SiO 2 /Al 2 O 3 =68 for M. This could be attributed not only to the lower specific gravity and the highest porosity achieved in these cases, but also to the hydrophobic character of the produced zeolitic phases. However, precipitation still takes place.
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Application of oil-HCFA mixture as a road construction material
The addition of the produced oil-HCFA mixture to road gravel 3A has been proved successful in reducing the produced dust during mixing and paving. Particularly, addition of oil-HCFA mixture in a ratio 2.5-5.0% to gravel has resulted in all cases in dust reduction in the order of 20-60% during mixing. Satisfactory has been also the dust reduction achieved by addition of 3.3-5.0% of oil-HCFA mixture to gravel during the simulation of road paving, as it is shown in fig. 2 .
The results of the application of the oil-HCFA mixture in soil stabilisation are also encouraging, as it is illustrated in fig. 3 . After 7 days an increase in compressive strength in the order of 20-50% is achieved for all the samples, compared to the soil. The results are more encouraging after 60 and 90 days, where HCFA compressive strength is developed. After 60 days the compressive strength is 1.7-2.6 times greater than this of soil in case of AD and 1.4-1.9 times greater in case of M, while after 90 days it is 2.0-2.6 times greater in case of AD and 1.9-2.2 times greater in case of M. The more calcareous HCFA AD results in higher compressive strength, as it is expected, because of its higher CaO content, which is responsible for strength development.
Conclusions
High calcium fly ash is a waste material produced annually in huge quantities, whose greatest amount is landfilled. However, it exhibits properties, such as fine particle size, porosity, floating ability and hydrophobicity, which make it attractive for several applications. The goal of the present study was the use of HCFA as an oil sorbent material.
Its oil sorption behaviour seems to depend on its composition and especially on its CaO content. The more calcareous HCFA is better retained in the oil-water interface and has quite higher oil sorption capacity. It is able to form a semi-solid phase with oil, which can be easily removed from the water, resulting to quite total oil removal. Its behaviour is better in heating oil and crude oil, which are oil types commonly transported by sea.
In order to ameliorate it's floating ability and oil sorption capacity, hydrothermal treatment in several conditions has been applied. The use of NaOH, TPABr and the combination of both, by maintaining the initial Si/Al ratio, has resulted in final products with poor performance, despite the achieved decrease in specific gravity and increase in porosity. This could be attributed to the hydrophilic character of the produced zeolitic phases. Only by increasing the initial Si/Al ratio, which leads to production of hydrophobic zeolitic phases, an amelioration of oil sorption behaviour was observed. However, in order to achieve this amelioration, a great amount of SiO 2 , compared to the amount of treated HCFA, should be added and an autoclave should be used, which results in a great cost increase, which is not the purpose of this study, which aims at evaluating a waste material.
The results of the application of the produced oil-HCFA mixture in road construction are encouraging. It results in a satisfactory decrease in dust production during mixing with road gravel 3A and paving a road with it. Its application in soil stabilisation has resulted in an increase in compressive strength after 90 days in the order of 2.0-2.5 times, which makes it an attractive material for road subgrades.
